strate some of the pitfalls that reflect inborn errors of computers characterized by a certain degree of inflexibility. This gentleman told his friend, the computer, the problem he faced in the choice of a wristwatch. He had two opportunities. The first was a watch of magnificent and rare artisanship but which, unfortunately, had been broken beyond repair and in no circumstance could it be expected ever to work again. The other watch was also of great value and it was working, but it had the difficulty that it lost one second every 24 hours. He asked the computer to help with the decision and without hesitation the answer was typed stating that it was obvious that the choice should be the broken watch since it would be precisely correct twice every 24 hours, whereas the second watch would be precise only once every 120 years. This story is not told to denigrate the fantastic values of the appropriate use of the newest and most promising techniques but to emphasize that the less medically sophisticated public cannot be scorned because of its fears concerning this thing called the "art of medicine." However, if we understand what those words mean and can perform in a fashion that reflects that understanding by practicing an ever improved kind of medicine, the public will be educated and with this understanding will very likely lose their fears.
What then is the art of medicine? And does it really differ basically from what it was in 1860 or 1966 or what it will be in the year 2,000? If you will accept a definition offered by a skillful medical educator, you will see that its basic qualities can never change. This definition states that the art of medicine is the translation of the basic sciences to the immediate problems of the patient ill in bed. This has always seemed to me to be an elegant statement and I would want to amend it only by making explicit the thought that the translator must possess the finest qualities of humanism.
Let me see if we can treat this premise in a fashion that will help us to understand the fundamental goals of any medical curriculum that will fruitfully produce the translator and sustain and strengthen the roots from which he springs. One firm basic premise which underlies a good deal of what will follow is that a sine qua non for excellence in the clinical sciences is the highest quality of education and research in the basic sciences; and in this frame of reference the clinical sciences include not only that which we all recognize conventionally under that heading, but in addition the role of the clinical science and allied departments in helping to bring more information and skills to the community at large. It must be emphasized, however, that this last goal becomes irrelevant if new knowledge and new skills are not available, and they will surely become unavailable without the productive vigor of the basic sciences.
Let me state as forcefully as I can that what we call the basic sciences and scientists must be given every opportunity to develop in the manner that seems to suit them best at any particular period of time. The assignment of values to what they do, even when most liberal and estimated in the purest sense, is difficult; in fact, it is virtually impossible. One of the things that the history of science has taught us over the years is that no culture in its day could have predicted that which was to be a key datum in an amazingly complicated puzzle years later. One wonders what sort of "pink sheet" and "priority score" would have been assigned by a study section to a grant request from a fellow named Mendel in the midnineteenth century if it had been forwarded to a National Advisory Council. After all, this study appeared useless and might even have been considered silly-and yet it founded a science that is amazingly exciting, is at the very forefront of physical and molecular biology and promises practical tools to control our environment and improve the health of our globe. Nor should we designate as valueless those hypotheses that are at the moment untestable. Unless I am mistaken, there was a time when the equation E MC2, which states a powerful hypothesis, was untestable. Furthermore, the basic sciences must not confine their curriculum for medical students to that area of their science which is known today to have relevance to a clinical problem. Surely there are more fundamental features of acid base chemistry than those that apply in 1966 to the care of the patient with advanced kidney disease and severe metabolic acidosis. Certainly there are more fundamental features to protein biosynthesis than those which relate to chemicals that we use as drugs today to combat infection or retard malignant disease. Surely there will be far reaching influences, albeit partially unrecognized today, that will emanate from the study of how an ion or some molecular species crosses from one side to the other of a bimolecular leaflet-the failure of these mechanisms may very well be the prelude to death itself.
It is my view that our protection of the basic scientists to pursue their imaginations with skill and freedom will in the longest run provide ideas and new conceptual frameworks of great value to all branches of our culture and certainly to the clinical sciences. The basic sciences today have information that is now being used but could be even more completely and fruitfully employed to answer questions raised by the clinician attending the ill. However, what I would like to emphasize is that the preconditioning of the student or the faculty to approach the study of the basic sciences solely in the context of current application is to provide an education that permits the atrophy of an imagination; and without that imagination it is less and less likely that the skillful clinician will raise exciting questions from data that perplex him while viewing an experiment of nature. These last questions are not likely to be raised by the basic scientist simply because he is not exposed to these opportunities. The clinician is. But unless he has a deep understanding that supports his imagination he will not know that something is odd, and unless he understands the language of the basic scientist so that he can pose these questions to him, and unless he has frequent contacts with him, opportunities for new scientific adventures may lie fallow for longer periods of time than are necessary.
Let us pursue for a moment in a little more depth the plight that faces the clinician exposed to the sick and the dying to whom he can ascribe a label and prescribe some therapy but who really has little or no basic understanding of the diseases themselves. Even if one were to grant the rather unlikely premise that the understanding of all of man's ills will be found in the context of physics, chemistry, enzyme kinetics, and all of the determinants thereof, and in the genetic code and the manner in which it can be altered, it seems undesirable to me to attempt to develop basic science divisions per se within a clinical department separated from and with little or no meaningful relationships with their parent discipline. In fact, the moment that one attempts to develop such a basic science as an enclave within a clinical department-just at that moment does one take from it the indispensable vital forces that make it a basic science, and its sustaining prerogatives are sacrificed in payment for immediate goals and gains. There may indeed be circumstances when this device is essential to transplant a discipline to the biomedical field but it should be recognized that it must soon be removed to its more natural habitat to permit growth to its proper stature.
Mind you, this is no argument against the employment of the most sophisticated techniques and models devised by science to attack rather directly those problems that are not only unique to disease but which are pressing for answers if our culture is to be fulfilled. This does, however, pose an additional question which is then twofold: how can these clinically oriented questions be brought to the attention of the basic scientist and how can one who is primarily a clinician understand enough to talk to the basic scientist, devise hypotheses, and design elegant experiments to test these questions with the aid and/or collaboration of the basic scientist, and yet continue to employ with skill the fundamental principles of clinical science at the bedside?
These are not easy questions to answer, but I don't think they are impossible to approach so long as we understand our goals and the limitations that we impose upon ourselves which, in turn, relate to the particular discipline with which we are preoccupied. We need not throw up our hands in dismay and carry on with our chores today and tomorrow as we did yesterday. There are ways to begin to find and apply solutions. In fact, it is happening. And our problem is to facilitate this both qualitatively and quantitatively.
Science as science must be supported in every frame of reference available to us. It must flourish and reproduce its kind. The sophisticated clinician must be permitted to develop all of his skills, old and new, and he, too, must reproduce his kind. However, the basic theme of this essay continues to concern itself with the manner in which these two, which are independently important, must interrelate meaningfully so that modern science is truly brought to bear on the problems of the sick patient in bed. One can dream of many ways in which the clinical scientist and the basic scientist might have more and more contacts day by day so as to permit, not force, an exchange of ideas; where a question raised on ward rounds could be talked of to a biochemist and where the latter could tell you he thinks he knows the ultimate source of energy for active transport without which the cells of all of our patients would probably die.
If we grant the two premises that the basic scientist on the one hand must be permitted a large arena of freedom to pursue his interests independent of the immediately obvious problems of the ill and that on the other hand the clinician must be permitted to become as skillful as he can with what is known today-we must still face the more important question that relates to how we can develop the breed who will translate from the basic sciences to the sick bed in an effective fashion. Simply stated, if one is to translate science to clinical care, the physician must know enough of each language. There must then be a continued growth and production of translators who can implement a proper evaluation of new ideas and concepts and make certain that they are appropriately examined and are employed quickly, yet prudently, to the welfare of our sick and dying. I , and all the other tools of the trade, but if this were done at the price of separating the clinical investigator from the intimate contact with the basic scientist which he now has, I would guess that it would make the imaginative productivity, which results in translation in the context in which we are talking of it, less and less likely to be fruitful. This seems like a simple problem and yet I suspect in many institutions it would create fairly strong emotional responses. We are so addicted to departments that we forget that they are primarily administrative devices to provide some orderliness to make the administrators more efficient in helping those for whom they administer. Too often this structure tends to make us intellectually parochial and provincial in such a fashion that a particular space is guarded for the particular use of a particular department almost with the same zeal and strength that a combat unit holds on to a particular vantage point from which the battle may be more aggressively fought. If we could accept in a very real and meaningful fashion the necessity for the interplay amongst the minds of these several types of scholars in the several disciplines and develop a community of scholars, I am thoroughly convinced we would move into an era of enhanced growth such as we have never seen before. If we are truly all searching for common principles and goals, and these can be identified, they can then readily serve as the basic structure around which a variety of administrative devices might be employed to insure progress in each discipline and the appropriate development of communication amongst these disciplines. In this latter context once again the translator becomes a crucial forcebut the reproduction and the care and feeding of the translator is in great measure a responsibility of the basic scientist.
There is another area concerning which I would like to make a few comments since there is need for explicit encouragement if we are to be in a position to improve our understanding of the impact of the emotional aspects of disease. These must interrelate with the basic sciences of neurobiology, human behavior and interpersonal relationships and the translator is sorely needed here as well. Yet there are those who may tend to belittle this discipline and even refuse to call it a science simply because the parameters and methods of mensuration have not yet been as well developed as in other areas. It should take but a moment to dispel this criticism. Surely you have all loved, yet without the ability to measure its intensity in millijoys per kilogram of dry weight. Certainly many have experienced grief without the ability to dignify its impact in terms of milligrams of sorrow per liter of blood. To deny the implications of the gamut of emotions simply because the estimates have yet to be defined in quantitative terms is unrealistic. To deny the skillful employment of what understanding we have of emotional needs in the care of the sick is as unwise as it would be to avoid the use of digitalis in the treatment of congestive heart failure simply because we have virtually no understanding of why it is so effective; and we must remember that history tells us that this most useful drug has been employed in one form or another for 3,500 years.
Lastly, let me point out that if the translator is to be truly effective and fulfill his role in all of its dimensions, he must participate at every level of medical education. This includes work with the undergraduate student, the intern, the resident and the fellow. He must also associate himself intimately with a large community of physicians who are providing the first lines of medical care. A significant and most desirable trend has already started in this direction and has taken a variety of forms. In my opinion one of the most effective media available to implement the interrelationships between the translator and the practicing physician is the development of teaching units within community hospitals in which the program is truly shared by full-time personnel from the university and practicing physicians in the community. Once again, this is indeed a two-way street since there are many problems in community medical care of which the full-time academician may be unaware, owing to his relative isolation. These contacts should help to bring such problems to his attention and invite and excite him to help solve them. At the same time the translator will bring to a community of physicians an immediate contact with medical centers whose major functions include teaching and research as well as the care of patients. In this fashion, the university and the community will be drawn together, learn from each other, increase the rewards from their work and bring better care to the patient and new ideas for investigation which, in turn, will again be brought to the patient in the form of improved care at the bedside. One of the most common elements of continuing postgraduate educational programs is that they are, in fact, discontinuous. The approach to which I have just alluded could provide a truly bilateral continuing educational program.
In summary, this evaluation of the basic and clinical sciences states that each is at one and the same time unique unto itself and yet inextricably involved one with the other. The proper development of each must recognize the individual and unique needs of both and the nurture that must come one from the other. The devices that permit this latter interrelationship are many and one that appears to me to be of great importance and significance is the use of biomedical scientists who can, by their training and interests, provide a bridge from the laboratory bench to the bedside. They are the brokers for the biomedical sciences who help to assure the continued growth of science and its employment, where applicable, in the care of the ill. Once more, lest there be any doubt as to the point of view that I have taken, the most important ingredients that will lead to the development of the translator are elegance in the basic biomedical sciences, and the continuous contacts he has with these sciences. This will not guarantee superb medical care, but I submit that without it the latter can live for only a short time on what is currently available and will then wither. If this premise is valid, the implications for our medical educational institutions are clear. The structure must be such as to recognize the fundamental and unique importance of the basic medical sciences. The clinical sciences must understand the source of their continuing prosperity; so long as a constructive dialogue continues amongst us all, and just so long, is there likely to be a continuation of progress. Medicine will become more of a science, not less. If one is to achieve skill in the art of medicine, one must then be more of a scientist, not less. If the basic premise of this argument is intact, there is no room for a dichotomy between the science and the art of medicine because they are woven into a single cloth which can be ours to wear.
